Pneumoconiosis (PNC) is a major occupational disease that develops as a result of occupational exposure to dust via inhalation. In addition to its harmful effects on the respiratory system, PNC can increase vulnerability to coronary heart disease (CHD)-the leading cause of death in the United States and in the world. Currently, two types of cardiovascular intervention procedures for CHD treatment are percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG). The objective of this study was to investigate comparative effectiveness of the two major cardiovascular intervention procedures-PCI and CABG-in PNC patients with CHD. Data from 1094 hospitalizations of adult patients with PNC and CHD (CHD-PNC patients) and 534,120 hospitalizations of CHD patients without PNC (CHD-nonPNC) were investigated. Adjusted odds ratios for in-hospital death in relation to the type of procedure, adjusted for patient socio-demographic and clinical characteristics and hospital characteristics, were calculated using multivariable logistic regression. Men constituted 97.8% of CHD-PNC patients and 68.6% of CHD-nonPNC patients. Within the CHD-PNC group, crude (unadjusted) in-hospital mortality after CABG and PCI did not differ significantly (1.35% vs. 2.00%, p = 0.425) and remained insignificant in the multivariable analysis, adjusted for patient and hospital characteristics (adjusted OR = 0.714, 95% CI 0.220 -2.323, p = 0.576). But in the CHD-nonPNC group, in-hospital mortality after CABG was significantly higher than after PCI both in crude analysis (2.83% vs. 1.28%, p < 0.001) and adjusted analysis (adjusted OR = 1.637, 95% CI 1.541 -1.738, p < 0.001). The study results indicate that CABG is as safe as PCI in male CHD-PNC patients, in terms of in-hospital mortality. Further studies investigating comparative effectiveness of cardiovascular procedures in PNC patients using more detailed data are warranted.
Introduction
Pneumoconiosis is a major occupational disease that develops as a result of occupational exposure to dust via inhalation. Pneumoconiosis was responsible for more than 26,000 deaths in the US during 2000-2010 [1] . There are several types of pneumoconiosis. Although strict medical definitions suggest that only interstitial lung diseases caused by inorganic dust belong to this group (such as coal dust, silica, asbestos, aluminum, beryllium, talc) [2] , other authorities extend the definition of pneumoconiosis to include organic dusts, such as byssinosis which is caused by cotton dust [1] . Most pneumoconioses share some common pathophysiological mechanisms that include excessive development of fibrous (i.e., scar) tissue in the lungs-pneumofibrosis-that restricts respiratory lung capacity. What makes pneumoconiosis a particularly dangerous disease is that a) once pneumofibrosis is initiated, it may continue progressing even after the dust exposure is discontinued; and b) no effective treatment for pneumoconiosisis currently available [2] [3] . Prevention and reduction of work-related interstitial lung diseases is a strategic goal of the National Institute's for Occupational Safety and Health (NIOSH) Respiratory Disease Research Program [4] .
In addition to its harmful effect on respiratory system, pneumoconiosis has been shown to be an emerging risk factor for coronary heart disease (CHD)-the leading cause of death in the US and in the world [5] [6] . A study of over 9000 underground coal miners found a dose-response relationship between cumulative coal dust exposure and CHD mortality [7] . A statistically significant increase in CHD mortality was also found in a study of 12,000 silica-exposed workers followed-up for 25 years [8] . CHD morbidity and mortality in coal-mining areas of Appalachia are higher than in non-coal mining areas of the region [9] [10] . CHD is a disease that causes myocardial ischemia (i.e., lack of oxygenated blood supply to the heart muscle) due to coronary atherosclerosis (hardening of the heart arteries) and hypercoagulation (i.e., prone to blood clotting) states. The major mechanism responsible for the cardiovascular effect of inhaled particles is a low-grade inflammation in the lung tissue surrounding the particles. Inflammation increases plasma levels of coagulants, such as fibrinogen [11] [12] , and previous research has demonstrated that plasma levels of fibrinogen are higher in coal miners with pneumoconiosis than without pneumoconiosis [13] .
Currently, two types of cardiovascular intervention procedures for CHD treatment are percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG). The PCI procedure consists of stretching the coronary stenosis by inflating a small balloon guided through a catheter and placing a stent (i.e., a small mesh tube) in the artery to prevent re-stenosis. The CABG is a more invasive and high-risk procedure that includes taking a blood vessel from another part of the body and grafting it to the patient's coronary artery to bypass the stenosis. In some cases, the choice of which procedure to use is based on other medical indications, but in many cases, the choice of procedure is not clearly indicated by extant evidence. The federal Agency for Healthcare Research and Quality (AHRQ) points out that comparative effectiveness of PCI and CABG in patients with coexisting (comorbid) conditions remains an open question and needs to be investigated [14] .
Research Methods and Study Design

Study Population
Subject selection was based on the following inclusion criteria: adult patients (21 years and older) with CHD who were admitted to the hospital and underwent either PCI or CABG. Patient data from hospitalizations of adults 21 years and older who underwent either a PCI or CABG procedure were obtained from the State Inpatient Databases (SID) developed within the scope of a Federal-State-Industry partnership [15] . The SID were developed as a part of a larger Healthcare Cost and Utilization Project (HCUP), sponsored by the AHRQ. Both high validity and generalizability are the major strengths of the SID databases because they contain the universe of hospitalized patients' data from hospital charts in participating states. To protect patients' confidentiality, the SID data are de-identified. The SID contain detailed information on patients' clinical characteristics (including the primary and secondary diagnoses; co-existing conditions; diagnostic and treatment procedures; information on admittance and discharge/disposition of patient; length of stay etc.), demographics (age, gender, race/ethnicity), non-identifying residential (rural-urban) and socio-economic status (median household income by patient's zip code of residence); information on hospital charges and payment, etc., for a total of more than 200 data elements (some elements are not available in all the participating states' databases). The SID data are coded uniformly throughout the databases. Information on patients' Diagnosis-Related Group (DRG) and ICD-9-CM (International Classification of Diseases, the 9 th Revision, Clinical Modification) codes for diagnoses and both diagnostic and treatment procedures are available for all participating states. Subjects were selected from the following 13 states: Arizona, California, Colorado, Florida, Kentucky, Maryland, Massachusetts, Rhode Island, New Jersey, New York, Utah, Washington, and West Virginia for 2007 and 2009. This methodological approach ensured the generalizability of the study results, because the 13 states listed above constitute about 38% of the total country population for those years [16] .
The primary outcome of interest was in-hospital mortality. Patient demographic characteristics, socio-economic status and clinical characteristics as well as hospital data were used to control for confounding. Income data (median household income state quartile for patient's zip code of residence) were used as a proxy measure of socio-economic status.
Because presence of other, co-existing conditions (comorbidities) in pneumoconiosis patients with CHD can negatively affect their mortality we utilized AHRQ's Elixhauser Comorbidity Measures that were specifically developed for use with large patient databases [17] . Elixhauser Comorbidity Measures are comprised of 29 major comorbidity categories (groups). To achieve effective adjustment for both the number and severity of comorbidities without compromising the parsimony of the models, we utilized Elixhauser-Walraven scores summarizing all the Elixhauser comorbidities into a single index for each patient [18] . Because by definition, all the pneumoconiosis patients have a chronic pulmonary (respiratory) disorder, we modified the Elixhauser-Walraven score to exclude the chronic pulmonary disease category.
Patient emergency admission status was identified by the SID Emergency Department Service indicator.
Statistical Analyses
Because hospital length of stay after the procedure is relatively short (days, not months or years), survival vs. death status (i.e., in-hospital mortality) was defined as a binary/dichotomous variable: discharged alive (i.e., survived) vs. deceased (i.e., did not survive). In preliminary unadjusted analyses, in-hospital mortality and patients' comorbidity scores were compared between CABG and PCI groups using chi-square test (for mortality as a dichotomous variable) and t-test (for comorbidity scores as a continuous variable).
In adjusted analyses, multivariable statistical methods were used to control (adjust for) known confounders/ covariates. Because of a binary/dichotomous nature of in-hospital mortality as the dependent variable and a relatively short length of stay, multivariable logistic regression was used for adjusted analysis of mortality, rather than Kaplan-Meier survival curves or the Cox proportional hazards model that would require a substantially longer observation time. Both 95% confidence intervals (95% CI) and respective p-values were obtained for each of the beta coefficient estimates of the multivariable model to determine which continuous and categorical predictors were related to the dependent variable.
Statistical analyses were performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC). For statistical significance testing, the conventional level of type I error (alpha-level) of 0.05 was used in all data analyses (p < 0.05).
Results
Patient Characteristics
We identified a total of 535,214 hospitalizations of CHD patients 21 years of age and older who underwent either CABG or PCI. Of them, there were 1094 hospitalizations of patients with pneumoconiosis and CHD (CHD-PNC patients) and 534,120 hospitalizations of CHD patients without pneumoconiosis (CHD-nonPNC).
Men constituted 97.8% of CHD-PNC patients (1070 patients), and women-2.2% (24 patients), which is consistent with mostly men being employed in pneumoconiosis-associated industries, such as mining. Of the 24 female patients, CABG was performed in 12 patients and PCI was performed in 12 other patients. There were no deaths in CHD-PNC female patients. Due to their extremely small numbers that can compromise the parsimony of the statistical models and because gender is a known confounder in studies of CHD, we utilized restriction as an established method of confounding control and did not include women in further multivariable analyses. Instead, we conducted a separate subgroup analysis for the 24 women; it is presented in the Unadjusted Analysis section below.
Among CHD-nonPNC patients, men constituted 68.6% (366,267 patients), and women-31.4% (167,853 pa-tients). The mean ± standard deviation (SD) age of the CHD-PNC patients was 71.8 ± 9.05 years, and of the CHDnonPNC patients-65.6 ± 11.9 years.
Unadjusted Analysis
In crude (unadjusted) analysis, in-hospital mortality in CHD-PNC patients was similar after CABG and PCI (1.35% vs. 2.00%, p = 0.425). However, in CHD-nonPNC patients, unadjusted in-hospital mortality was significantly higher after CABG than after PCI (2.83% vs. 1.28%, p < 0.001).
Both Elixhauser-Walraven comorbidity original and modified scores were higher in CHD-PNC patients as compared to CHD-nonPNC patients (5.06 ± 4.63 vs. 1.92 ± 4.57, p < 0.001; and, 2.07 ± 4.64 vs. 1.47 ± 4.32, p < 0.001, respectively), with higher scores being indicative of more severe co-existing conditions (comorbidities).
Adjusted Analysis
Adjusted analysis was conducted using multivariable logistic regression allowing to control/adjust for confounders/covariates-patient and hospital characteristics. Results of the adjusted analysis of in-hospital mortality in CHD-PNC males (Table 1) demonstrated that after controlling for the effect of age, race, income, comorbidity, rurality, and emergency department use status, in-hospital mortality did not differ in CABG and PCI patients (adjusted OR = 0.714, 95% CI 0.220 -2.323, p = 0.576).
However, in CHD-nonPNC males adjusted in-hospital mortality was statistically significantly higher in patients who underwent CABG compared to those who underwent PCI (adjusted OR = 1.637, 95% CI 1.541 -1.738, p < 0.001; Table 2 ). Also, as expected, both in CHD-PNC and CHD-nonPNC groups, patients of older adjusted for the type of procedure, race, median household income, comorbidity, rurality, emergency department admittance; c adjusted for the type of procedure, age, median household income, comorbidity, rurality, emergency department admittance; d adjusted for the type of procedure, age, race, comorbidity, rurality, emergency department admittance;
e adjusted for the type of procedure, age, race, median household income, rurality, emergency department admittance; f adjusted for the type of procedure, age, race, median household income, comorbidity, emergency department admittance; g adjusted for the type of procedure, age, race, median household income, comorbidity, rurality.
age and with more severe comorbidities had higher mortality, regardless of the type of procedure-CABG or PCI. In CHD-nonPNC male patients (but not in CHD-PNC male patients), emergency department status was also statistically significantly associated with in-hospital mortality: higher mortality among patients admitted through emergency department.
Discussion
The present study of comparative effectiveness of the two major cardiovascular procedures-PCI and CABG-has demonstrated that in PNC patients with CHD, CABG is as safe as PCI in terms of in-hospital mortality.
PNC is a major occupational disease that develops as a result of occupational exposure to dust via inhalation. In addition to its harmful effects on the respiratory system, PNC can increase vulnerability to CHD-the leading cause of death in the US and in the world. Currently, PCI and CABG are the two major cardiovascular intervention procedures currently available for CHD treatment. The AHRQ points out that comparative effectiveness of PCI and CABG in patients with coexisting (comorbid) conditions remains an open question and needs to be investigated [14] . To the best of our knowledge, the present study represents the first comparative effectiveness study of PCI and CABG in patients with PNC.
One of the strengths of this study is strong generalizability if its results. Study subjects were selected from 13 states that constitute about 38% of the total US population. We used the SID databases that contain the universe of hospitalized patients' data from hospital charts in these states.
Another major strength of the current study is utilization of the established procedures of adjustment/control for the known major confounders of concern in studies of the effectiveness of treatment-demographic and clinical characteristics of study subjects. Lack of control for confounding can make a truly effective treatment to wrongly appear as being ineffective or, even worse, an unsafe and/or ineffective procedure to wrongly appear as being safe and effective. Because it is mostly men who are employed in the industries associated with occupational exposure to dust and PNC, there were very few women among study subjects. This is also consistent with a well-established medical knowledge of male gender being a risk factor for atherosclerosis-related diseases, including CHD. Thus, to control for confounding by gender, we applied the method of restriction and included only men in the multivariable analysis. This approach of not including a very small-size subgroup into multivariable models also helped with preserving the parsimony of these models. Using multivariable modeling, we effectively controlled for other major confounders-socio-demographic and clinical characteristics-by including the respective variables as predictors (independent variables) in the models.
Effective control for patients' comorbidities (other co-existing conditions) also strengthened the design of this study. Patients with higher number of co-existing conditions and more severe comorbidities are at higher risk of in-hospital death and also tend to have longer length of stay and higher hospitalization costs. We controlled for patients comorbidity status by quantifying comorbidity with the Elixhauser Comorbidity Measures supplemented with Walraven's scores of severity of the Elixhauser Comorbidity Measures. Because chronic pulmonary disorder is one of the Elixhauser Comorbidity Measures and all PNC patients-by definition-have this disorder, we modified the Elixhauser-Walraven score to exclude the chronic pulmonary disease category.
Adjusted analysis demonstrated that higher Elixhauser-Walraven scores, indicative of more severe comorbidities, are associated with a statistically significant increase in in-hospital mortality. While investigation of this association was not a primary goal of our study, it is consistent with well-established, common medical knowledge and thus serves as an indirect indicator of the quality of our models proving their biological plausibility.
Our study is not free from limitations. This is an observational retrospective cohort study, not a randomized clinical trial, and results from only one observational study are not sufficient to draw an ultimate cause-effect conclusion regarding effectiveness of PCI vs. CABG procedures in patients with PNC. More detailed information on the coronary (heart) arteries affected and the degree and location of stenosis would be helpful, as these factors can influence medical decision-making of the choice of procedure. It is also not impossible that there may be some unaccounted PNC patients who have already developed PNC, but have not had the diagnosis of PNC confirmed officially in their medical records yet, thus appearing in the hospital charts and SID databases as patients without PNC.
In conclusion, the present study has demonstrated that CABG is as safe as PCI in male CHD-PNC patients, in terms of in-hospital mortality. Adjustment for patient socio-demographic and clinical characteristics, including comorbidities, plays an important role in studies of comparative effectiveness of cardiovascular intervention procedures and utilization of healthcare services by PNC patients. Further studies investigating comparative effectiveness of cardiovascular procedures in PNC patients using more detailed data are warranted.
